Abstract: Plants that help in slowing down the digestion of triacylglycerols (TAGs) in the pancreas and small intestine of humans play an important role in the reduction of obesity. On the other hand, there may be plants or plant parts that stimulate intestinal lipolytic activity, thus contributing to greater TAG assimilation. The aim of this study was to evaluate the aqueous methanolic extracts of ninety eight (98) medicinal, herbal and aquatic plant materials from Malaysia for their effect on porcine pancreatic lipase (PPL) activity and to identify the structure of an anti-lipase compound from one of the sources. The degree of inhibition was also quantified as relative to orlistat activity against PPL (orlistat equivalents). Results revealed that while 19.4% of the extracts were found to have antilipase activity ≥80%, 12% were actually found to promote PPL activity. Twenty two percent (22.4%) exhibited moderate inhibition (41%-80%) and 2% were neutral toward PPL activity. The ripe fruit of Averrhoa carambola and the leaves of Archidendron jiringa (Jack) I.C Nielsen L. (jering), Cynometra cauliflora (nam-nam) and Aleurites moluccana (L.) Willd (candle nut/buah keras) had the highest (100%) anti-lipase activity and are equivalent to 0.11 µg orlistat/mL. Plants that stimulated lipase activity included Pimpinella anisum L. (aniseed/jintan manis), activating the enzyme by 186.5%. Kaempferol 3-O-rhamnoside was isolated from the ethyl acetate fraction of C. cauliflora leaves and found to be an active lipase inhibitor. The structure was elucidated using 1 H-NMR, 13 C-NMR and 2D-NMR analyses.
Introduction
Obesity is defined in terms of body mass index (BMI), which is calculated as body weight divided by square of height, and it is mainly a result of an imbalance between energy intake and expenditure [1] . The World Health Organization (WHO) has reported that worldwide obesity has more than doubled since 1980 [2] . In 2008, more than 1.4 billion adults aged 20 or older were overweight, with women outnumbering men by 3:2. More than 40 million children under the age of five were overweight in 2010 and in 2012 overweight and obesity represented the fifth leading risk for global deaths, with at least 2.8 million adult deaths. Many diseases such as hypertension, non-insulin dependent hyperlipidemia, and diabetes mellitus and coronary heart diseases are attributable to overweight and obesity [2] . In Malaysia, some of the diseases related to obesity are increasing at a rate to such an extent that cardiovascular disease is now the fundamental cause of death [3] .
Overweight and obesity were once considered a high-income country problem, but now these conditions are on the rise in low-and middle-income countries, particularly in urban settings [4, 5] . It has been reported that among Malaysians, one in four is overweight or obese and the percentage of obese Malaysians is double what it was a decade ago [5] . A survey of more than 50,000 school children in Malaysia confirmed that a higher percentage of children in urban areas are obese compared to those in rural areas [6] . Although there appear to be a decline in the rate of increase or even a leveling off in prevalence of obesity, 35% of men and women in the USA were still considered as obese in 2009-2010 with no significant difference in prevalence between men and women at any age [7] .
Lipases (triacylglycerol hydrolase E.C. 3.1.1.3) are enzymes that catalyze the hydrolysis of ester bonds of triacylglycerols (fats and oils) to produce free fatty acids, diacylglycerols, monoglycerols and glycerol. In the small intestine of mammals, the digestion of dietary triacylglycerols (TAG) is essentially due to the action of pancreatic lipase. The end products after they have been absorbed by the body are responsible for the development of obesity. Therefore, if the hydrolysis of TAG, and thus, its movement from the intestinal lumen into the body is stopped or minimized, the prevalence of obesity can be reduced [8, 9] . For this reason, an inhibitor of digestive lipases could become a useful anti-obesity agent.
One of the approaches to reduce obesity is treatment with synthetic drugs such as sibutramine, rimonabant, phentermine, diethylpropion, zonisamide, topiramate and orlistat [10] . Orlistat (N-formyl-L-leucine (1S)-1-[(2S,3S)-3-hexyl-4-oxetanyl]methyldodecyl ester, known also as tetrahydrolipstatin) is a unique non-centrally acting anti-obesity compound that acts within the gastrointestinal tract by impeding pancreatic and gastric lipases that play an essential role in the digestion of long chain TAG. At the recommended therapeutic dose of 120 mg three times a day, it inhibits dietary fat absorption by about 30% [11, 12] . It is also the only anti-obesity drug that is approved for long term weight management [10] . Sibutramine and rimonabant were recently withdrawn from the market due to adverse side effects. Sibutramine could lead to an increased risk of heart attack and stroke in high-risk cardiac patients, whereas the latter could lead to potentially serious psychiatric disorders. Hence, there is an urgent need for safer and more efficient anti-obesity agents from natural sources, even though they are also toxic, but are of less damaging as compared with the pure synthetic ones [13] .
There have been several reports on the search for anti-lipase inhibitors from natural sources [14] [15] [16] [17] [18] [19] [20] . Although to date there are no reports on plants with pro-lipase activity, it is possible that some plants may also possess metabolites that will stimulate the activity of pancreatic lipases. Thus, the objective of this study was to examine the crude methanol extracts of ninety eight (98) different parts (seeds, fruits, leaves, stems, flowers, roots) of some medicinal, herbal and aquatic plants largely found in Malaysia for their anti-lipase, pro-lipase activity as well as to identify an anti-lipase compound from one of the plant sources.
Results and Discussion

Effect of Methanol Extract of Medicinal, Herbs, and Aquatic Plants on Porcine Pancreatic Lipase
The methanol extracts of ninety eight (98, sixty leaves, twelve fruits, four seeds, fifteen whole plants, two stems, one flower, and four roots) were screened for their effect against porcine pancreatic lipase (PPL) activity. The results obtained are tabulated to show the list of plants that inhibit lipase activities, equivalent and pH of the extracts in (Table 1 ) and those that stimulated ( Table 2 ) the activity of enzyme. The anti-lipase activities are also expressed as percent (%) inhibition relative to that of orlistat (i.e., orlistat equivalents) as this drug also inhibits pancreatic lipase activity in the duodenum. The inhibitory curve for orlistat is shown in Figure 1 , where 0.1 µg/mL of orlistat resulted in 95% inhibition of pancreatic lipase activity. As there is a likelihood that the inhibitory or stimulatory effect observed could be due to the pH of the plant extracts, a plot between pH and percent inhibition was constructed ( Figure 2) . From the figure, it can be concluded that there is no correlation between the pH of the extract on lipase inhibition, and thus the inactivation was not most likely not due to the pH of the extract.
Isolation of Lipase Inhibitory Compound Using Bio-Assay Guided Isolation Protocol
Fractionation of Extract Residue of the Active C. cauliflora L. Leaves
The methanolic residue (20 g) from 1 kg of ground oven-dried leaves of C. cauliflora L. was dissolved in 200 mL water/methanol (1:3) and fractionated using the scheme shown in Figure 3 . First, the extract was partitioned four times with a total volume of 800 mL of n-hexane. The n-hexane layers were collected and evaporated to yield the n-hexane fraction (0.34 grams). The aqueous fraction was further subjected to successive solvent-solvent extraction using first dichloromethane (DCM), followed by ethyl acetate (EtOAc) and finally with n-butanol (n-BuOH). The same procedure used to obtain the n-hexane extract was applied. The process resulted in 0.62 grams, 6.31 grams and 3.54 grams of DCM, EtOAc and n-BuOH fractions. The remaining aqueous extract was evaporated under reduced pressure to dryness to give 2.53 grams of water fraction. Each fraction was then subjected to the inhibition test against lipase activity. 
Effect of C. cauliflora Fractions on Porcine Pancreatic Lipase
Lipase inhibitory activity test showed (Table 3 ) that the EtOAc fraction was the most potent (85.3%) fraction followed by the n-BuOH (71.3%) fraction. Less than (20%) inhibition was detected in the n-hexane and DCM fractions. 
Column Chromatography and Isolation of Anti-Lipase Compound from EtOAc Fraction of C. cauliflora Leaves
The active EtOAc fraction of the plant was further subjected to a silica gel (Merck Kieselgel 60 Art No. 9385.1000, particle size 0.040-0.063 mm) column chromatography (11.6 × 6.5 cm diameter). The separation of compounds in the mixture was done by eluting first with ethyl acetate-chloroform followed by ethyl acetate-methanol of increasing polarity resulting in twenty (20) fractions of 100 mL each. Separation of compounds in the fractions was achieved by spotting the fractions on analytical TLC made from aluminum sheets coated with silica gel 60 F 254 (Merck 1.05735, 40 mm × 80 mm × 0.25 mm) using pure methanol-water (1:1) as the mobile phase. TLC separation was conducted at room temperature (average 27 °C). Detection of compounds was made possible by spraying with 10% sulfuric acid solution followed by heating at 65 °C. Similar bands from TLC several plates were scrapped and pooled together after been evaporated under reduced pressure to produced six sub-fractions (A1-A6). Inhibitory test was also conducted on each of this sub-fraction ( Table 4) . As Sub-fraction A3 (51%) was found to be the most active, it (65 mg) was further subjected to Sephadex LH-20 chromatography (15.7 × 4.1 cm diameter) using pure methanol as the solvent to give four sub-fractions (A3-1, A3-2, A3-3, A3-4) of 5 mL each. Similarly, lipase inhibitory activity was assayed after each sub-fraction was dried. Sub-fraction A3-3 was found to be the most active (45.1%) ( Table 5 ). The active A3-3 (45 mg) sub-fraction was further subjected to purification in a mini (7.5 cm height, and 1.5 cm diameter) Sephadex LH-20 chromatographic column by using pure methanol as the eluent to afford a dark orange amorphous colored powder after it has been dried using a rotary vacuum evaporator at 42 °C. The compound was detected as a single band by silica gel TLC after examination under UV light at short wavelengths (254 nm). 
HPLC Profiling of Compounds from Sub-Fractions A3 and A3-3
The HPLC analysis was achieved by the use of a Waters HPLC system which is equipped with a Waters HPLC 600 pumping system Waters 2487 Dual λ absorbance detector and Waters Integrated software. A Jones (Darmstadt, Germany) chromatographic C 18 reverse phase (particle size 5 µm) column (250 × 4.6 mm) placed in a column oven at 35 °C was used for the separation process. The column was equilibrated prior to the injection of each sample by flushing with the mobile phase solvents comprising 1% formic acid in HPLC grade acetonitrile for about 5 min followed by 1% formic acid in Miliq water (7:3) v/v. The active Sub-fraction A3, and the active compound isolated from Sub-fraction A3-3 were injected (10 μL) separately into the HPLC to obtain the profiles shown in Figure 4a ,b, respectively. 
Structure Elucidation of Anti-Lipase Compound
Identification of Anti-Lipase Compound from C. cauliflora
The powdered leaves of C. cauliflora were sequentially extracted at room temperature with 80% methanol, followed by a number of chromatographic steps were involved together with enzymatic activity test. The result of these processes confirmed that kaemferol-3-O-rhamnoside to be an active lipase inhibitor. It was purified as a yellow amorphous solid. The UV spectrum of the compound showed maximum absorption at 235.0, 270.0, and 335.0 nm. The HSQC data analysis (Table 6) The HMBC correlations clearly indicated the attachment of the aromatic proton of the rhamnose at position C-1" ( Table 7 ). The Heteronuclear Multiple Quantum Coherence (HMBC) spectrum of the compound illustrated all the possible locations/places of the carbon atoms relative to the protons in the compound. For example, positions C-7 and C-3 were confirmed by comparing the relationship between the hydrogen at position C-8 and C-3 with C-1", respectively. Positions C-8 and C-9 was identified with the protons at C-6 and C-8 and C-2' in that order. Position C-10 was located by relating the position of hydrogen at C-8 and C-6. Hydrogen located at C-5', C-6' were used to identified the place of C-1' and C-2'. Moreover, hydrogen located at C2' and C-5' were used to determine the position of C-3'. Also, C-4' was placed with hydrogen at positions C-5' and C-6. Position C-5' was located by using the proton on C-3' [21] . 
Discussion
As can be observed, plant parts that possessed inhibitory activity against PPL far outnumbered those that stimulated its activity. The ripe fruits of A. carambola and the leaves of A. jiringa (Jack) I.C Nielsen L., C. cauliflora, and A. moluccana (L.) Willd were found to completely inhibit PPL activity, expressed as orlistat equivalents. These plants have a lipase inhibitory value equivalent to 12.4 µg orlistat/mL. Another 15 extracts reduced the activity of the enzyme by more than 80% and these may also be regarded as potential and useful sources of anti-obesity agents. Only 2% did not possess any inhibitory activity. Interestingly, almost similar degrees of inhibition were observed when comparing extracts from different parts of the same plant. For example, there is no difference in the degree of inhibition between the leaves and seeds of A. bicolor Moon. Similar levels of inhibition of PPL were observed between the extracts of the ripe fruits and leaves of A. carambola L., the ripe fruits and leaves of C. cauliflora, the roots and leaves of C. longa L., the stems and leaves of E. michelii L., the fruits and leaves of M. citrifolia L., as well as the leaves, seeds and stems of P. cordiflora. However, there are also some variations in the inhibitory activity of plant from the same family. For example, plants that belong to the family Acanthaceae like A. bicolor Moon, A. gangetica L. T. Anderson and S. crispus showed low inhibition while those from the family Falaceae were observed to show a wider range of anti-lipase activity. For example, A. jiringa (Jack) I.C Nielsen and C. cauliflora have a significant inhibitory effect on lipase while Leucaena leucocephala (Lam) Dewit, O. bancana (Miq.) Merr., and P. speciosa Hassk showed relatively low inhibitions.
In many cases, the pharmacological activities of these plants are attributable to the presence of secondary metabolites such as polyphenols, saponins, tannins, terpenes, flavonoids and alkaloids which are active inhibitors of pancreatic lipase [22, 23] . For example, saponins, tannins, alkaloids and flavonoids have been reported in A. carambola L. fruits [15] , while A. moluccana (L.) Willd has been shown to contain bioactive diterpenoids, moluccanic acids, 3,4-secopodocarpane trinorditerpenoids, moluccanic acids, 6,7-dehydromoluccanic acids, and moluccanic acid methyl ester [22] . Therefore, one reason why some of the plant extracts used in the study demonstrated high anti-lipase activity could be due to higher contents of bioactive compounds in their tissues. To date, there have been no reports on the phytochemicals of A. jiringa and C. cauliflora although there are some reports on their biological activities [24, 25] .
Apparently plants are not only sources of anti-lipase compounds as 12.2% of the plant extracts screened were found to promote the activity of the enzyme instead (Table 2 ). Of these, the seeds of one plant, P. anisum L., caused 186.5% activation of PPL activity compared to the control. Seven (7) other extracts showed less than 20% activation of lipase activity, and the rest exhibited between 20% to 40% activation. It should be noted that while the leaves of M. hastata (L.) Solms inhibited PPL activity, the root enhanced the activity slightly. The therapeutic effects of P. anisum have been reported such as being gynaecologic, neurologic and hypothermic, having the ability to delay the onset of picrotoxin-induced seizures in mice, and being a muscle relaxant and anticonvulsant [26, 27] . The ethanolic extract of this plant was also reported to contain methylchavicol, eugenol, psedoisoeugenol, anisaidehyde, caffeic acid derivatives, flavonoids, polyacetylene and polyenes as the major constituent compounds.
In this study, an in vitro analysis of anti-lipase activity of C. cauliflora leaves was conducted in order to confirm its traditional use as an anti-obesity plant. Results obtained show that the EtOAc fraction of the crude methanol extract of the plant was found to be the most active followed by the n-BuOH fraction. Bioassay activity-guided fractionation of this fraction by the use of successive column chromatographic methods and hydrophobic Sephadex chromatography have led to the isolation and identification of a flavonoid type compound that is responsible for the inhibition of pancreatic lipase activity. The structure of the compound was elucidated to be kaempferol-3-O-rhamnoside by a comparison of one and two-dimensional NMR data which entirely match the previously reported values.
In the search for effective anti-obesity compounds from natural sources, several extracts from plants, and bacterial, fungal, and marine species have been screened in order to find new compounds with pancreatic lipase inhibitory activity. Most of the common compounds that are found in several plants species with anti-lipase activity are polyphenols, saponins and terpenes [28] . For example, licochalcone A, isolated from the ethyl acetate/n-hexane fraction of ethyl acetate extract of the roots of Glycyrrhiza uralensis, was shown to significantly inhibit the activity of pancreatic lipase at an IC 50 value of 35 µg/mL [29] . Phenylboronic acid was the potent inhibitor of lipase isolated from Oryza sativa [30] while carnosic acid, a diterpine, was the one isolated from the methanolic extract of the leaves of sage, Salvia officinalis [31] .
Flavonoids such as kaempferol-3-O-rhamnoside, which are usually found in the plant kingdom, are widely dispersed and there have been numerous reports on their antioxidant, anti-inflammatory and anti-carcinogenic activities [32] . Flavonoids have been used for the treatment of patients with intolerance to radiation therapy, vascular diseases, liver diseases, and dementia [32] . There exist many pharmacological activities for kaempferol-3-O-rhamnoside which are of vital important to health. For example, Nazemiyeh et al. [33] reported that this compound has a free radical scavenging ability in animals. This was basically attributed to the existence of a phenolic moiety in the structure. The compound, among other flavonoids, was also found to be active against antibiotic-resistant bacteria [34] .
Experimental
Materials
Medicinal, herbal and aquatic plants that were used in this study were obtained from either the Universiti Putra Malaysia farms (Serdang and Bintulu campuses) or local markets. The plants were identified by the Herbal Unit of Universiti Putra Malaysia. Porcine pancreatic lipase (PPL, Type II), orlistat (N-formyl-L-leucine (1S)-1-[(2S,3S)-3-hexyl-4-oxetanyl]methyldodecyl ester) and gum arabic were purchased from Sigma Aldrich (St. Louis, MO, USA). Other chemicals used in the study were from Merck (Darmstadt, Germany) and were either of laboratory or analytical grade.
Extraction of Plant Metabolites
All plant materials were washed under running tap water before they were cut into smaller pieces and placed in an oven to dry at 45 °C for a minimum of 48 h. Dried samples were ground in a Waring blender (Model 32 BL 80, New Hartford, NY, USA) to obtain a fine powder. Two hundred grams of the ground plant materials were placed in 2 L of 80% methanol, mixed well and steeped for two days at room temperature (~30 °C). The extracts were then filtered through Whatman No. 1 filter paper and the solvent was removed by vacuum evaporation at 42 °C. The dried extracts were stored at −20 °C prior to the analysis; two or three batches of the extracts were obtained depending on the plant sample.
Assay for Pancreatic Lipase Activity
The activity of the enzyme was determined according to the method described previously [9] with some modifications. Instead of measuring the release of radioactive free fatty acids, fatty acids produced during the hydrolysis of substrate was quantified by titration. The substrate was prepared by homogenizing 10% (w/v) refined, bleached and deodorized palm olein in 50 mM Tris-HCl (pH 8.2) buffer solution containing 10% gum arabic. Two milliliters of each plant extract (300 µg/mL dissolved in 5% ethanol at 50 °C) was incubated separately with 2.0 mL of 10 mg/mL PPL solution at 37 °C, 120 rpm for 15 min. Then, 3.0 mL of 50 mM Tris-HCl buffer (pH 8.2), 0.5 mL of 0.5 M CaCl 2 solution, and 2.5 mL of substrate were added and the mixture incubated under the same conditions (37 °C, 120 rpm) for another 15 min. The reaction was stopped by adding 20 mL of a 1:1 mixture of acetone and ethanol. The resultant mixture was titrated with 50 mM NaOH solution to pH 8.2. PPL inactivated by heating at 100 °C for 5 min was used in the control assay. Percent inhibition, I, was calculated according to the equation below where A is the average volume of NaOH solution needed for enzymatic reaction without an extract/orlistat; a is the average volume of NaOH solution needed for control without an extract/orlistat; B is the average volume of NaOH solution needed for enzymatic reaction with an extract/orlistat; b is the average volume of NaOH solution needed for control with an extract/orlistat. Activation or stimulation of PPL activity is obtained when the value of B is greater than that of A. Results were based on triplicate analysis [9] .
Effect of Orlistat on Lipase Activity and Orlistat Equivalent
Since orlistat is a pancreatic lipase inhibitor, its activity against PPL was used to express the relative anti-or pro-lipase activity of plant extracts (orlistat equivalents). The effect of orlistat on PPL activity was evaluated based on the method described above. A 0.5 mg/mL stock solution of orlistat, prepared by dissolving it in 95% isopropanol and making up to 10 mL with 5% isopropanol, was used to prepare a series of solutions (0 to 0.1 µg/mL) to construct a standard curve. The standard curve was rectilinear for the range of concentrations used with y = 924.68x and R 2 = 0.9937. The anti-lipase activity of the plant extracts was expressed as µg orlistat equiv./mL.
Column Chromatography of EtOAc Fraction of C. cauliflora Leaves
Six grams of the EtOAc fraction were subjected to column chromatography with silica gel (Merck Kieselgel 60 Art No. 9385.1000 of particle size 0.040-0.063 mm) normal phase (NP) according to the developed method. The column was prepared by introducing the slurry of adsorbent (189 g) with 100% chloroform (CHCl 3 ) into a glass column, which was half filled with the solvent. The packed column (11.6 × 6.5 cm diameter) was conditioned with the mobile phase comprising chloroform-ethyl acetate (CHCl 3 -EtOAc) at 9.5:0.5 ratio. The active EtOAc fraction was dissolved in pure acetone and coated with silica gel in the ratio of (1:1). The resulting slurry was evaporated and then applied on the top of the packed column. The separation of compounds in the mixture was done by eluting with the above solvents of increasing polarity. About 100 mL of the eluant was collected for each fraction. The TLC profile of each fraction was obtained. Each fraction of the sample solution was dotted on the base line of the TLC plate drawn about 1 cm from the bottom of the TLC sheet by means of a fine capillary tube. Profiles of these samples were developed with methanol-water at 1:1 ratio, in which similar fractions were pooled together yielding twenty sub-fractions.
Thin Layer Chromatography (TLC)
Analytical TLC was carried out using aluminum sheets of dimensions 40 mm × 80 mm × 0.25 mm coated with silica gel 60 F 254 (Merck 1.05735). Samples solution obtained from the column chromatography as well as pure compound of the leaves of C. cauliflora was spotted or dotted on the base line drawn about 1 cm from the bottom of the TLC sheet by means of a fine capillary tube. The dried sheet was developed in a chromatographic tank saturated with vapor of the mobile phase (1:1 methanol-water) at room temperature (average 35 °C). The spots were then examined under UV light via both long and short wave lengths at 254 and 365 nm respectively. The reagent used for detection was vanillin-sulfuric acid. The acids was utilized to stain the spots and detect the presence of certain type of natural compounds such as higher alcohols, steroids, phenols, flavonoids, and essential oils by spraying the solution on the TLC plate, and then heated at 120 °C. Stained spots indicate the presences of a particular natural product(s).
Dyeing Reagent for TLC
Preparation of Vanillin-Sulfuric Acid Solution
An acid solution of vanillin-sulfuric acid was prepared by dissolving 1 g of vanillin crystals in 1 mL of concentrated sulfuric acid and 98 mL of absolute ethanol. The developed TLC plates were sprayed with the solution above, and then heated at 120 °C. The stained spots on the plates indicate the existence of some natural products such as higher alcohols, phenols, essential oils and steroids.
Instrumentation
Nuclear Magnetic Resonance (NMR) 
Conclusions
This study shows that while many plants are capable of inhibiting lipase activity, and therefore, concur with many reports on anti-lipase plants, there are some those actually stimulate the activity of the enzyme. The remarkable inhibitory activity (greater than 80%) of some of these plant extracts indicates their potential use as important and convenient sources of anti-obesity agents. One of these plants was C. cauliflora and the leaves were used to isolate and identify the structure of its anti-lipase compound. It was established that kaempferol 3-O-rhamnoside is a new anti-lipase inhibitor isolated from the leaves extract of C. cauliflora. The finding provides evidence for anecdotal use of the plant as an anti-obesity agent and may help in development of a natural anti-obesity agent. The study also indicates that the inclusion of P. anisum L. in the diet may have the opposite effect as the extract from the seeds of this plant actually stimulates pancreatic lipase activity. On the other hand, it may be the spice that is suitable as an ingredient in concoctions for those wanting a weight increase.
